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1 (a) Ellipse 
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(c) k represents the eccentricity of the conic. 
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Case 1: 1 2 1z z = . 
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below the real axis. 
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We prove by contradiction. 

 

Case 1: Assume that imaginary parts of 
1 2 3, ,z z z  are positive. 

Then 0b d+   and 0bd    
3Im( ) 0z    (contradiction) 

Case 2: Assume that imaginary parts of 
1 2 3, ,z z z  are negative. 

Then 0b d+   and 0bd    
3Im( ) 0z    (contradiction) 

 

Therefore, 
1 2 3, ,P P P  cannot be all above or all below the real axis of 

the Argand diagram. 
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6 (a) Let k  be an eigenvalue of M. 
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Since 2 2( ) 4 0a c b− +   for all real values of a, b, c, there are real 

solutions for k   the eigenvalues of M are real. 

 

 



(b) For  = , we require 2 2( ) 4 0  and 0a c b a c b− + =  = = . 

 

(c) Let 2 2( ) 4D a c b= − + .  
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Consider the dot product, 
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Therefore, every eigenvector corresponding to   is perpendicular 

to every eigenvector corresponding to  . 
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(b) ( ) ( )2 1 11 9680 2420 1 2420M aM b M a b= −  = −   
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(ii) When 
0 9679M =  and 

0 9681M = , the model predicts that the 

population oscillates between values approximately 2420 and 9680 

for the first few values of n but it eventually becomes negative in 

value when 9 or 10.n =  Hence the proposed model is not 

appropriate. 

 

 

 



8 (a) The linear system can be written as 

=Ax b , where 
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Solutions exist if and only if  

    1 cos 2sin 0 − − =   
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We expect a good approximation for the square-wave curve to have 

a very steep gradient at the origin. However, the gradient for this 

approximate curve is only around 2.22, which does not reflect the 

sharp edges of the original curve. Therefore, 3y  is not a good 

approximation. 

 
10 (a) Foci are ( 2, 0)−  and ( 2, 0) . 

 

(b) Equation of light beam: tan ( 1)y x= −  

                                        ( )1 cotx y = +   
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                                      2 2 21 tan 2 sec 2x   = + =   

Note that (1, 0)A  lies on this curve, so the branch of the hyperbola 

is the one where 1x  . 

 



 

For x to be positive, we choose sec 2x = −    

(since sec 2 0   when 45 90    ). 

 

Hence, B has coordinates ( sec2 , tan 2 ) − − . 

 

(c)  

 
Let N be the point of intersection of the tangent at B and the x-axis 

and   be the angle BNA. 
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ABN   = −  

Since angle of incidence is equal to angle of reflection,  

      2ABN   = − = −  
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